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R The Asian summer monsoon (ASM) is the dominant climatological feature of the circulation in
the upper troposphere / lower stratosphere (UTLS) in boreal summer and has global impact

R The ASM is characterized by persistent deep convection and an associated anticyclonic vortex
that extends from the UT into the LS and spans the area from East Asia to the Middle East o
flanked by the subtropical westerly jet to the north and the tropical easterly jet to the south

R Thus the ASM anticyclone is a large-scale potential vorticity (PV) anomaly bounded by strong
winds that act as an effective transport barrier, isolating the air inside from surrounding regions

R The intense deep convection rapidly lofts boundary layer pollutants into the UTLS, where they
can remain confined within the ASM anticyclone for days to weeks



R Satellite observations have been indispensable for analyzing the composition of the ASM
anticyclone, which until very recently has been sparsely sampled by other means

R A number of spaceborne instruments have made important contributions
to monsoon science, e.g., ACE-FTS, MIPAS, AIRS, IASI, and OMI Aura

R The Microwave Limb Sounder (MLS), launched as part of
NASAG6s Aura mission in July
co-located measurements of both tropospheric and
stratospheric tracers as well as cloud ice water content
(IWC, an indicator of deep convection) on a daily basis
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R Of the 3500 daily profiles from MLS, ~300 fall within the general ASM region, which we define
here to be the area enclosed by the 10°1 50°N latitude x 0°1 140°E longitude A b o x 0

1 Day: 30 Jul 2017 1 Week: 27 Jul -- 2 Aug 2017
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R With its long (>15 years) data record, relatively dense spatial and temporal sampling, extensive
measurement suite, and insensitivity to aerosol and all but the thickest clouds, MLS is well
suited to characterizing UTLS composition in the ASM region and quantifying its considerable
spatial, seasonal, and interannual variations



R To facilitate the tracking of air motions in the subtropical and extratropical UTLS, MLS data are
interpolated to potential temperature surfaces

R Four isentropic levels are examined to encompass the deep structure of the ASM circulation

RWithin our b&8Mdst udyg Bor eal summer

I 410 K: 10071 68 hPa, ~16i 18 km

-
in the lower stratosphere 68
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r 390 K: 1211 82 hPa, ~15i 17 km
near the core of the strong easterly jet
(TEJ) that bounds the tropical edge
of the ASM anticyclone, just above the 100
tropopause in the subtropics

r 370 K: 1471 100 hPa, ~13i 16 km
in the uppermost troposphere or
straddling the tropopause

r 350 K: 2611177 hPa, ~10i 13 km
near or just below the core of the
subtropical westerly jet (STJ) that 215
bounds the poleward edge of the
ASM anticyclone
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For simplicity, here we will mainly focus

on 390 K EQ 10°N  20°N  30°N  40°N  50°N  60°N
Latitude




RVarious quantities can be used to identify

such as geopotential height (GPH) or its gradients on pressure surfaces, or PV / PV gradients

R We have chosen to use a specified contour of from
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R

meteorological reanalyses on each of the potential temperature levels being examined

r MSF on isentropic surfaces plays a role analogous to that of GPH on isobaric surfaces

r A major advantage of MSF is that it allows a closed circulation to be defined over a wide
range of isentropic levels

r Our selected MSF contours typically encompass the most substantial climatological ASM
signatures in the trace gas distributions throughout the lifecycle of the anticyclone

To set the stage for the characterization of the composition of the anticyclone based on MLS
measurements, we first examine the climatological seasonal evolution of the anticyclone itself

Results on the next two slides are based on a comprehensive moments (geometry, position)
and area analysis applied to the ASM anticyclone using three of the latest-g e ner at i -on
i nput 0 met eor ol MERRA-2 (NASA)e ERA-tnleryms(EGVIWF), JRA-55 (JMA)

The moments analysis provides information on centroid location (latitude and longitude), aspect
ratio, and angle (counter-clockwise from the centroid latitude circle) of the equivalent ellipse

Results fr om: Manney et al ., AA Moments Vi e
Summer Mo ns oo n tdAbe subrgitied, 208B0n e 0






